In this study, we investigated the nature of cross-modal associations between colors and vowels. In Experiment 1, we examined the patterns of synesthetic correspondence between colors and vowels in a perceptual similarity experiment. The results were as follows: red was chosen for /a/, yellow was chosen for /i/, and blue was chosen for /o/ significantly more than any other vowels. Interestingly this pattern of correspondence is similar to the pattern of colored hearing reported by synesthetes. In Experiment 2, we investigated the robustness of these cross-modal associations using an implicit association test (IAT). A clear congruence effect was found. Participants responded faster in congruent conditions (/i/ and yellow, /o/ and blue) than in incongruent conditions (/i/ and blue, /o/ and yellow). This result suggests that the weak synesthesia between vowels and colors in non-synesthtes is not the fact of mere conscious choice, but reflects some underlying implicit associations.
INTRODUCTION
In Kansei engineering sensory experiences of the user attract the attention of researchers as the basis of consumer product design [1] . Mainly the experience of major sensory modalities such as vision, auditory sense or touch is studied in relation to design. Recently there emerged interesting studies aimed at multisensory aspects of user experiences [2] . Levy et al. [3] tried to provide synesthetic experience between colors and sounds to non-synesthetes by product design.
Although the synesthetic experience is important as multisensory phenomena and studied intensively [4, 5] , synesthesia is a rare experience limited to synesthetes. Even in the recent largest estimation, the proportion of synthetes is about 5 percent of the population [6] . Massive majority of people are non-synesthtes. Multisensory design should base on the experiences of non-synthetes.
Recently Martino and Marks [7] introduced a distinction between strong synesthesia and weak synesthesia. They maintained that the weak form of synesthesia exists even in non-synesthetes. In contrast to the vivid cross-modal experience of strong synesthesia, weak synesthesia is characterized by cross-sensory correspondences expressed through language, perceptual similarity, and perceptual interactions during information processing. Marks [8] reviewed a series of experiments in non-synesthetes, which demonstrated the existence of correspondences between simple auditory qualities such as pitch and simple visual qualities such as brightness. In these experiments not only explicit measures (matching tasks) but also implicit measures (speeded classification tasks) were applied. Both measures underline the existence of correspondences between simple auditory qualities and simple visual qualities in non-synesthetes.
In the present study we examine of correspondence between colors and voiced vowels in non-synesthetes. Categories of colors and vowels represent more complex sensory qualities than brightness or pitch, which have been the main targets of the studies reviewed by Marks [8] . The case of correspondence between colors and vowels in non-synesthetes is important, because this correspondence is exhibited as the phenomena of colored hearing in synesthetes. Martino and Marks [7] maintained that, strong synesthesia and weak synesthesia draw on common core mechanisms. If this is the case, a similar pattern of correspondence between colors and vowels might appear also in non-synesthetes.
We conducted two experiments, one by explicit measure and one by implicit measure. In experiment 1, participants were asked to match colors and voiced vowels. By this matching experiment we examined whether the pattern of correspondence between colors and voiced vowels in nonsynesthetes are stable. Furthermore, we compared this pattern of correspondence to the one derived from colored hearing data in synesthetes reported by Day [9] .
In experiment 2, we applied an Implicit Association Test (IAT) [10] to check the existence of implicit associations between colors and voiced vowels. Although IAT is widely used in the field of social psychology, in the studies of synesthesia applications of IAT are rather few, yet it was shown to provide a useful implicit measure to elucidate the process of weak synesthesia [11] . In the general discussion, we examine the results of our experiments in relation to the significance of multiple explicit and
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EXPERIMENT 1 (Matching

Procedure:
The experiment was run in a darkened room. The participants sat on a chair 50cm from the computer screen, with their head resting on a chinrest. On each trial, after a visual warning signal (a cross presented at the center of screen for 500ms) a vowel and a pair of colors were presented concurrently for 1,000ms. The participants were asked to choose one color from each pair of colors which they felt fit better to the presented vowel by clicking the L or R button of a mouse as quickly as possible. The response was not counted if the response latency exceeded 1,000ms (Figure 1 ). After five practice trials the participants underwent 120 experimental trials. 120 experimental trials were consisted of 5 types of vowels (/a/, /e/, /i/, /o/, /u/) × 4 types of voices (normal male/female and 2 manipulated voices) × 6 color combinations without repetition. Right and left placements of each color combination were counterbalanced between subjects. The order of trials was randomized. The experiment took about 20 min in total. Data Analysis: To test the overall effect of combined voices on color choice, analysis of variance (ANOVA) was conducted with two factors in a fully within-subjects design: color (red, green, blue, yellow) × vowel (/a/, /e/, /i/, /o/, /u/). To examine gender and pitch effects on color choice, analysis of variance (ANOVA) was conducted with two factors in a fully within-subjects design; color (4) × vowel (5), for each voice condition (normal-female, low-female, normal-male, high-male voices). The dependent variable was the ratio of choices (red, green, blue and yellow) and was transformed into arc sin, for each vowel. Post-hoc comparisons using the Tukey (HSD) test were performed when the analyses were significant; the α-level was set at p<.05. To compare the pattern of correspondence derived from colored hearing data in synesthetes, we extracted the frequencies of correspondence between the five vowels and four colors (red, green, blue, yellow) from Day's [9] data. Day [9] counted the reported colors for five vowels in 27 synesthetes. The five vowels were /a/, /e/, /i/, /o/, /u/. Colors include not only red, green, blue, yellow but also white, black and other colors. We extracted the data on the frequencies of correspondence between five vowels (/a/, /e/, /i/, /o/, /u/) and four colors (red, green, blue, yellow). Based on these data, we calculated the ratio of choice of each color to each vowel, in paired comparison.
Results
The ANOVA of combined voices revealed that the vowel × color interaction was significant (F(12, 144) =10.57, p<.01). The simple main effects of interaction revealed that At /a/, a red choice was more frequent than all other colors (p<.05). At /i/, a yellow choice was more frequent than all other colors (p<.05). At both /u/ and /o/, blue and green choices were more frequent than red and yellow choices (p<.05). At /e/, a green choice was more frequent than red and yellow choices (p<.05) (Figure 2) .
The results of ANOVA for each voice condition revealed similar patterns with some minor differences depending on gender and pitch. The ANOVA for the normal-female voice revealed that the main effect of vowel was significant (F(4, 48) =9.76, p<.001), and that the vowel × color interaction was significant (F(12, 144) =4.26, p<.001).
The simple main effects of interaction revealed that the color effect at /a/, /i/ was significant (F(3, 192) =12.49, F (3, 192) =7.71, p<.001, respectively), and the vowel effect at red was significant (F(4, 180) =4.19, p<.002) (Figure 3) .
The ANOVA for the low-female voice revealed that the main effect of color was significant (F(3, 36) =4.25, p<.01), and the that vowel × color interaction was significant (F(12, 144) =3.47, p<.001). The simple main effects of interaction revealed that the color effect at /a/, /e/, /i/, /o/, /u/ was significant (F (3, 192 (F(4, 180) =4.38, p<.01, F(4, 180) =2.76, p<.05,  F(4, 180) =3.58, p<.01, respectively) ( Figure 5) .
The ANOVA for the high-male voice revealed that the vowel × color interaction was significant (F(12, 144) Figure 6 ).
In four voice conditions, follow-up comparisons were conducted when the simple main effect for each vowel was significant. Results are summarized in Table 1 .
The results of the gender and pitch effects on color choice can be summarized as follows. A red choice at /a/ was significantly more frequently chosen than all other colors in the normal female-voice condition (Figure 3) . A blue choice at /o/ was significantly more frequently chosen than all other colors in the normal-male voice condition ( Figure 6 ). A yellow choice at /i/ was significantly more frequently chosen than all other colors in the normal-female voice and high-male voice conditions (Figure 3 and 5 ).
Discussion
Drawing on the results of experiment 1, the overall correspondences between vowels and colors can be summarized as follows. Red was chosen for /a/ significantly more than any other vowel. Yellow was chosen for /i/ significantly more than any other vowel. Blue was chosen for /o/ significantly more than any other vowel and also chosen for /e/ significantly more than /i/ and /a/. Almost the same pattern of correspondence was found in our previous study [12] , so that we conclude that the pattern of correspondence between colors and vowels in Japanese non-synesthetes is stable. The results in this study also showed resemblance to the Polish results of Wrembel [13] , suggesting that certain aspects of the correspondence between colors and vowels are universal. In experiment 1 some additional effects of gender and the pitch of voices were also shown. The frequency of the choice for red at /a/ was enhanced in the normal femalevoice. A blue choice at /o/ was enhanced in the normal-male voice. A yellow choice at /i/ was enhanced not only in the normal-female voice but also in the high-male voice. These effects of gender and pitch will be discussed in the General Discussion.
By comparison with the data of Day [14] , synesthetes and non-synesthetes have a lot in common with choice ratio; red is chosen for /a/, yellow is chosen for /i/, blue is chosen for /o/ and /u/. As for green, /u/ is chosen in both synesthetes and non-synesthetes, /i/ and /o/ are chosen only in non-synesthetes. There are some differences especially in the case of green, but the overall similarities are evident (Figure 7-10 ).
EXPERIMENT 2 (Implicit Association Test)
Method
Participants: 30 university students (14 males and 16 females) of Kansai University participated. They were all non-synesthetes and did not have specific knowledge about colored hearing or correspondences between colors and vowels. Their color vision and auditory perception were normal. Apparatus: The experiment was conducted with a personal computer (TOSHIBA, Dynabook EX series, PSJ02N-002000), which produced the visual and auditory stimuli and measured reaction times, and was run in SuperLab 2.0 (Cedrus Inc.). Recordings of five female voices of vowels (/i/ and /o/) were used as auditory stimuli. The speakers of voices were five female Japanese University students. The auditory stimuli were presented binaurally through headphones at an intensity level of 70dB. The visual stimuli consisted of ten color rectangles 
Procedure:
The experiment was run in a darkened room. The participants sat on a chair 50cm from the computer screen, with their head resting on a chinrest. On each trial, an auditory or visual stimulus was presented, followed by a 500ms interval, and then an auditory or visual stimulus for 1,000ms. The participants were asked to classify each stimulus according to the category of colors (blue or yellow) or vowels (/i/ or /o/) by clicking L or R button of a mouse as quickly as possible. In block 3, 4, 6 and 7, either a color stimulus (blue or yellow) or a vowel (/i/ or /o/) was presented randomly. Experimental sessions were conducted according to the standard IAT procedure [10] . The experimental session consisted of 7 blocks of 20 or 40 randomized trials each (block 1, 2, 3, 5 and 6: 20 trials, block 4 and 7: 40 trials, 180 trials in total). The experiment took about 20 min in total. The content of each block is shown in Table 2 . The response was not counted if the response latency exceeded 1,000ms. The assignments of the stimuli to the response keys were counterbalanced across participants. The congruent and incongruent response key was mapped alternately over successive blocks of trials ( Figure 11 ). 
Data Analysis:
To analyze reaction times, the data of from one participant were discarded from analyses because the total error rate exceeded 10%. The remaining data of 29 participants were submitted to analyses of variance (ANOVA), with the within-participants factors of block (congruent and incongruent) and target modality (vowel and color) and the between-participants factor of gender (male and female). To analyze error rate, the data of 29 participants were submitted to analyses of variance (ANOVA), with the within-participants factors of block (congruent and incongruent) and the between-participants factor of gender (male and female). As the dependent variable, arcsines of the error rate for each participant were used.
Result Reaction Time:
There was a main effect of block (F(1, 27) =59.87, p<.001). Participants responded more rapidly in congruent blocks than in incongruent blocks. There was a significant interaction between block and target modality (F(1, 27) =22.66, p<.001). Follow-up comparisons revealed that, by including color and vowel target modality, the reaction time of congruent blocks (529ms) was faster than incongruent blocks (652ms) (p<.001). Furthermore, the reaction time of color target modality (515ms) was faster than vowels (542ms) in congruence blocks (p<.05) and the reaction time of vowel target modality (628ms) was faster than color (677ms) in incongruence blocks (p<.001) (Figure 12) .
The simple main effects of participant's gender, The main effect of target modality, gender × block interaction, gender × target modality interaction and gender × block × target modality interaction were not significant (F (1, 27) =2.71, F(1, 27) =1.00, F(1, 27) =0.94, F(1, 27) = 0.25, F(1, 27) =1.68, n.s., respectively).
The D score of each participant was computed according to the revised scoring algorithm described by Greenwald et al. [15] . In IAT research, D score is the most widely used index of the strength of implicit association. The formula of D score is as follows.
The average D score was 0.69, which was significantly different from 0 (t(28) =10.08, p<.001). Although the D score was not high, positive D scores indicate stronger associations in congruent conditions compared with incongruent conditions. Error Rate: The analysis of the accuracy data revealed a simple main effect of block (F(1, 27) =13.07, p<.01). The participants responded more accurately in congruent blocks (error rate: 0.8%) than in incongruent blocks (error rate: 1.7%). The simple main effects of gender and gender × block interaction were not significant (F(1, 27) =0.37, F(1, 27) =0.30, n.s., respectively).
Discussion
In this experiment, the reaction time in congruent blocks (/i/ and yellow, /o/ and blue) was significantly faster than in incongruent blocks (/o/ and yellow, /i/ and blue). Faster reaction time in congruent conditions was not due to the speed accuracy trade off, because the error rate was also significantly less in congruent conditions than in incongruent conditions. This pattern of congruence effect is consistent with the congruence pattern of experiment 1, and suggests that the weak synesthesia between vowels and colors in non-synesthetes is not a matter of conscious choices but reflects some underlying implicit associations.
GENERAL DISCUSSION
The results of two experiments confirm the existence of cross-modal associations between voiced vowels and colors in non-synesthetes, not only by explicit measure, but also by implicit measure. In experiment 1, we found a pattern of correspondence between specific colors and voiced vowels. Intriguingly, this pattern of correspondence resembles the pattern of correspondence derived from the colored hearing data in synesthetes. Both in synesthetes and non-synesthetes, red is chosen for /a/, yellow is chosen for /i/, blue is chosen for /o/ and /u/. It might be that, linguistic label in Japanese play the role. For example, red in Japanese is "aka". In Japanese the vowel /a/ is in the name of red. Yet the correspondence between red and /a/ is not limited to Japanese [16] . These patterns of correspondence including the case of red and /a/ were found across languages and types of synesthesia [9, 13, 16] . So beyond language specific label effects, there must reside some common factors. The contrast between front vowels and back vowels seems to relate to the correspondence between blue and /o/ /u/, and yellow and /i/. Correspondence between red and /a/ is more difficult to explain. Perhaps formant structures play a role [16, 17] , yet a clear explanation remains to be provided. In experiment 1, a significant effect of the type of voice on color vowel matching was also found. In comparison to the low pitch voice normal-male voice and the low-female voice, the high pitch voices in the normal-female voice and in the high-male voice enhance the correspondence between /i/ and yellow. This pitch effect is in accord with the correspondence between high pitch sound and yellow in synesthetes [18] . The enhancements of correspondences between red and /a/ in the normal female-voice, and blue and /o/ in the normal-male voice seem to relate to a gender effect in color vowel associations. There are gender stereotype of colors, usually blue associate with male and pink or red associate with female [19] . Zellner et al. [20] found the effects of the image of masculinity and femininity in color odor correspondences. The gender effect in color vowel matching in experiment 1 is in accord with these studies. In man machine interface design, gender of the voice was found to play important roles [21] . Multisensory interface design based on the weak synesthesia of voice and color seems promising.
Although the main results of experiment 1 are interesting and seem stable, they depend on the data concerning conscious choices in a matching experiment. The correspondence between voiced vowels and colors shown in experiment 1 therefore might merely reflect deliberate choices. In experiment 2, we tested the existence of implicit associations between voiced vowels and colors in the case of /i/ and yellow, and /o/ and blue by IAT. The results of experiment 2 confirmed the existence of implicit associations between /i/ and yellow, and between /o/ and blue.
IAT has been used mainly in social psychology to assess implicit prejudices or stereotypes which are hard to measure by traditional questionnaire methods. IAT has rarely been used outside of social psychology, but there have been some recent attempts to apply IAT in the studies of weak synesthesia [22] . There are different levels of cross talk between sensory modalities. Miyahara [11] suggested that several kinds of implicit measure including Stroop congruence effect, Garner interference and IAT may draw out different levels of cross talk. IAT can add a useful implicit measure to user experience study [23] .
